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$������ %�&��'� ()* %��(� C  %+��� (�DNA �
,� �- ��. � /0��

��1 %.�� 234$�+5� �6����4 )Oncorhynchus mykiss �� 8�9*
� �- (

;&,<2��4* ��=
5�5 >,�?� ��. ) ���ZnO(  
  

%.-6�� �-���� 8��*1*(34* %,@2�� � %��*2.22��B � %+�,4 ��25���3� �(1�� �(.�C4  
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�2��  

��� ������ �� ���� �� ��� �! "#$�%& '�� #()*� "�+�!�! )ZnO(  �.�� /0�& � #1* ���� '�� �

234�(5!� '%&6�7* )Oncorhynchus mykiss( �� ���� 6& 2�1!	 �� � �(��8�� �$7�� C � �58)9: 

DNA  ��;$� ��� '�� .��� �8��	� "�+�!�! 2�7=� >� ?� >� @(*����A BC8D� ) '�� "�+�!�!0 F40 � 

80 �C(� IJ �	 � (8(��(��8��C  )0 F400  �800 �C(� IJ �	#: "	�K8�� (IJ�C(* )9  �� L� . ��7(�

(��9� �� 6�(.�� �  �!>� �(5!�(� ��10±170 IJ  O#� ��10 "(P �� ��7(� �Q� >�� ��4 �0���>& '�.

#$8�J. �!�7!'(J �	  R.	 � RS$� '�.>��>� /0�& � #1* ���� O��T ��J. �!�7!'�. 	��� ;! ?� >� 

'>���#P �	 U�(��9(�'�. '��V W9�� %96  '��#�5!Z�D8�� .#!#: DNA  �58)9: ��� ��DNA  ��

>����89�� I�S!� ��JF ?[�  >����89�� 2\ ���P� 2\ "�58�	 �� 6���� �	 � #:?9= ]�	.#: '��	� #T�	 

�58)9:DNA  �� "	�K8�� >� �!>� �(5!�(� �((�� #:. ^1_ � `��8!F  �;Ca ��ZNO  �(��8�� �C  �� �

6��> W��b8�-  @(�& d�� '�� � �;CaDNA  #1* ���� �	e��* BC8D� '�.��7(� �(� /0�& � �$�� ��	

�;Ca �	 /0�& � #1* ���� �	 @(�& ��80(� .	��80 �C(� RS$� >�� �	 '�� #()*� "�+�!�! 8(� � IJ

#: "#.�0�. �	 �($f7. .  �58)9: 6�3(� R.	 >�� �	 ���� �	DNA  .���� /.�*F"�e= �� ��gV 

 �(��8��C  �58)9: /.�* @P��DNA .#: 

��E	*� :�2�,4 R� �!�! F����b� 	�1�� F�J	��& F'3�&���$:.  

1- #:�� ���$:��* '�S0!�	 FOe(:  FOe(: "�J"�50!�	 I�C= '>���0* � h��$� ��(1_ 6�JJ.6��� F6�JJ F  

2- ��(0!�	 FOe(: "�J "�50!�	  I�C=6�JJ ��(1_ h��$� � '>���0*.6��� F6�JJ F  

3-  ���	�8��FOe(: "�J "�50!�	 .6��� F6�JJ F6�JJ ��(1_ h��$� � '>���0* I�C=  

4-  ���	�8��FOe(: "�J "�50!�	 6��� F6�JJ F6�JJ ��(1_ h��$� � '>���0* I�C=.  

* :2�k)� "#$)��! baladehi.elahe@ yahoo.com  
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8�2G� 

87* ">�#!� �� O��+�!�! >� 100 8��!�! >� 

O��+ l�3�� �� @(*� ���0� 3��78� #$8). . ��

/.�*  ">�#!�O��+F 	�#�� "�+ �	 #V�� IP 

/��3�� ���� .#��� ��� �9m�* 	�P� ">�#!� 6&�. 

��#!��� L� �� �$7�� 	�S�� #$* ��> O��+ �� 

">�#!� Lm�*� ?!�: '80(� '�� ��1= >� 

'�.#� �8)�> #!��	 � �V��� �� 6#� 	��� 

��?[� .#!�: Fn�P ��08!�F R)(����8� �� h�	 

I�S!� "#:F �� 2�9C�'�. �8)�> R.�/$* 

	�S�� ��#$$* �* ��� 	�� �C()!�8� '�� R.� 

�8D�� 	9C7= ���C� ��� )Ferrari, 2005 .(

>� O�(��� �K$� ���78V� O��+�!�! � 6��#!�P 

F'3�& ��6��� �� @(�& "	��� �� '��8Q� 

�9(8!\ )@(�& �� DNA >� ^�_ 2�9�	��'�. 

	�>& � O��#T ���>���*(F (��� � #:� 

)��8*�� �(�o�(F (��� � ��8��  )FOP��� ��� 

� '�.��8�� �Cp�#(���(F (��� � Wp�#(��� 

)'���7. � /.�* '\!� Wp�#(���( � (��� � 

R8)(� �$7�� )�T�q8�� � �T�q8��(a  (

"��:� 	* )Singh et al., 2009 .(  

"�+�!�! #()*� '�� 1(*�� ��&(a �� 2��� 

ZNO � %�7�� � �O��T �	��' #(K� r!� 

�* ��� �(�  '��3(����* � %��  ��#o 

���9(� 	��	��(�� B(_ �	 ">��� . >� '���$�

�. R=� >� I* #(���'�. #o &Fn�8� I>��� &�0��� 

F�8:�#�� r!� � F	�7� ���� �� �8�J 6�J��!'�. 

�����	 � "(a �� "	�K8�� 	�:)Borm et al., 

2006.(  �	 '���!�! 6�3��>�� 	���* �� �P�� ��

��� �� ;! � BC8D� h��$T  d�� W(�	 �� �*

R8)(��*� F�(��� �Cb� ����! "#!��� '�.

"#$�%& ��(Q� '�.#$8).2�� �	 �3J�! F '�.

 �	 '���!�! ��gV ��&�!���� �.���	 � �. 	��0�

.���# 	��.  

�9� >� "��'�. �!�(50(� �	 �$(�> ���#� 

�8:�#�� s��3� ���� �.�� "	�K8�� >� 

]Q�'�. ��(1_ � "#!>(a R8)(� �$7�� 

��� . �(��8��C >� �C7P 	������ ' �* �� 

6��$= R8)(� ]Q� �$7�� A�� ��� 

)Muntro et al., 1999 �� L(���9�& #(�� .(

 �(��8��C �� 6��$= �9� >� '��o��� 	��� 

'�t� ���.  �(��8��C  F"	�� n& �	 2�CQ�

 n�P6&  n& �* �m ��� "	�� �81)! �� ��_

 ��� n�P 2�V �	 "	�� ^�_ >� Ru�	

)Dabrowski, 2001�(��8�� .( C  �� 6��$=

�8!& L�� �KV �	 '�4 6�#()*� >� 2�C� �.

 �	�� '>�� �� �7�� /b! /��)*� @(�& ��� -

) #$*Li and Robinson, 1999(�9� .  >�

�Jv��'�. ��� �(��8��F  6& �J#$$*�(V� O�#4
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 ��� >� �* ����Jv�� /$*�� '��'�. '�(V� 

���9�	�� "	�K8�� ���_ .	�: /.�v�'�. 

O��T �8�J 6	�3�� �(��8�� C "(P �� �.�� 

234'%& �(5!�6�7* ��#!��� �p$� @1�'>�� 

� '�(V� 2�9�	��'�. 	�>& »2O FOH  �2O2H« 

	�: � �> �&@('�. w8�� >� WT�V'�. 

)*��(��#( J�CP'(  ��W7= 	��& )Verlhac 

et al., 1998.(   

L� ">�V �8��#� w�)V �	 ����>�� 

O��� ���78V� FO��+�!�! '\���9()*���!\ 

.��� '\���9()*���!\ ������ O��� g� 

"#$�%&�. � I�7� � #$�&� ����� ���. 	��� 

L()*���!\ '���	 ���!��� ((t� DNA  #$8).

�* ��� O�((t� ��#!��� �(1p� "#:F �2�b8!� � 

�� W)!'�. '#��F O�(��� 	�� �� .#$$* 2�7=� 

��� �89! �(7.� O������ L()*���!\ �� 6�0! 

��#.	 .O��+�!�! 1(*�O� L()*���!\ #$8). 

�* ���!��� @�D� DNA �� #!��	 � ��#!��� 

@1� @(�& DNAF �58)9:'�. L� �� �	 

�8:� DNAF ((t� �� x�V F�.>�� O�1(*� 

���o� DNAF 2�q�� �o= �(� �8:� DNA-

DNA � �� DNA- �(k��� #!�: 

)Mitchelmore and Chipman, 1997.(   

                                                           

1- Micronuclei 

�58)9: DNA �� 6��$= L� *����(�F 

�J	��&'�. ��(Q� �	 �.�� � 5�	 �!�J'�. 

'3�& �	 ;! �8�J "#: ��� � �P�� '	��> �� 

�� 	�� @CP "	* ��� .�m �* ��#T �� 

DNA �97� ��� >�a& "#$$* � h�)� "#$$* 

/�P � 6�_����> #:�� �� � '����� (��� 

	���5� )Singh et al., 2009( .  

���'�. �KC8D� '�� �((�� 6�3(� 

@�D� "	�� �9(8!\ 	�P� 	��	 �* ��6��� 

6��>& /S$� �8).3��1F 6��>& F���* 2	�1� 

#(����* F'.��� O�((t� ���>���* � 

�58)9: �8:� DNA �� I�! 	� .�	 �(� ��� -

'�. BC8D�F ���� ��� �58)9: �8:� 

DNA �� >����89�� 2\ '�� � >���J&F  ���

��T �� 6�b� '� ��� � ��� ��� >� "	�K8�� ��

��. ���� �� 6��� �	 �8:� DNA ���	�. 

�	 �S(8! DNA @(�& "#�	 >� �8). Z��� 

"#: � �� �7� #!& )@�4 �1p� (OP��� �� -

#$* .�m. 6�3(� @(�& "	��� �� DNA 80(� 

F#:�� 6�3(� DNA ���P�P "#: R. 80(� 

#.��� 	�� � �	 �7o 6�0��	� 3(! "#�	 ��-

	�: )Lee and Steinert, 2003.(  

�.����� �97� �.  '�� �1��$� ����9�#!�

�J	��& /��� �. 
��� �* �m F#$:��
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6& ���(7(:�(�
��� ���0� e��* �. 	�P�� '�.

) ��� 6���#!�8)� �	Banaee et al., 2008 .(

�.�� 234'%& �(5!�6�7* �9� >� R����� 

�!�JF6�(.��	�>& '�. �� �>�� '	�q84� %�� '�� 

���� "	�� �!��PF /D� �J�3� >� 6�3(� #(��� 

6��3�& �� �� y�q8�� 	�� �� ��gV � #.	

) 	��	 ����a "(S!> �	 �5!��Azewedo et 

al., 2004 .(  

"#$�%&'�. ���(7(: /0�&F�. �(C* � #1* 

�� L�Q� ��#$$* �* ��� �����. �u��� "#$.	 

L� ��3�� #(K� '�� /S$� O�(��� L(��(��!\ 

.#$8). /0�&  ��W(�	  �8:�	���I�(C� "v�� � 

z�1��� R(b8)� 6& �� {(Q� F6���(� R����� 

���#!� ��� �* R(;$� '37�� �	 6& O��T 

��	(J )Farkas et al., 2010( .#1* F�.�� 

|��: w�)V �J	��& {(Q�  ���� �� W(�	 

h7S� �8)�> }�� "	���� �1)! �� ��� 

����'�. F6#� '�� 6�3(� �((�� F�J	��& 

	��	 �(QP�� )Safahieh et al., 2011.(   

�	 2�V o�V �!�5! '	��> 6���(� 

�J	��& O�	�P�� "#!> �	 �P��� �� "#$�%&�. 

	�P� F	��	 "�e= � 6& �$8KJ F��� �� �P�� �� 

��� �! 6	�� RC= '\���$9��!�! � 	���*'�. ��� 

'���$� �	 I�C= FBC8D� ">��� O��� ���78V� 

��� O��+ '�� {(Q� �)�> � R8)(�'�. 

�8)�> � ����>�� ^(4	 6&�. 3u�V �(7.�  .���

O�=e_� �7* �	 ����� �� �(7�  "�+�!�! �9(8!\

�(��8�� �8���b� �� � '��#()*� C � '�� 

6�(.�� 	�P� 	��	 �� ��� 2�V �������� �	 �$(�> 

@(�& DNA �Q� (��� O��T O��+�!�! �8�J 

��� �� �* � ���C� �(7� O��� �� 6���

�;Ca �� "b! "�+�!�! �9(8!\ �(7� '�.05/0 F

3/0F 5/0F 3  �5 �8!�� � IJ�9(� � h��8�

2�C� '����% '�.   �*�#� �.��Oryzias 

latipes )Wise et al., 2010(  ���� `��8! �*

 O%e8�� 	* �;Ca /��3�� �� ���>���*

���� /��3���;Ca �� e_ � "b! "�+�!�! (��� F -

 '�.4/17 � 19 �C(� IJ �	8(�  '�� �

2�C�234 �.�� '#1* '�.�(5!� '%&6�7*  �*

�;Ca �	 �8V 	�	 6�0! `��8! R. ]#!� '�.

 �8V � ���C� '�0aDNA  #1* 2�C� �	

�� @�D�	�: )Farkas et al., 2010(F (��� 

O��+�!�! "b! �	 �)��b� �� 6��'�. "b! � '�� 

@(�& DNA � w8�� '�� �(��#()*� �.�� 

�*�#� )Chae et al., 2009 .	* "��:� (  

 �58)9: 6�3(� �((�� ������ ��� >� x#.

DNA 6>� �(5!�(� ��� >� "	�K8�� �� �.	 ��

�7* O��T  /0�& � #1* ���� ���� 3(! �

�.�� >����89�� >� "	�K8�� �� �.DNA  Z�D8��

 >���J& 2\ '�� � "#:��� ������ �	 . o�V



 (�)	*� �*+ 	,) -.�C  �/*0
1 -�DNA  :�	���� ������
����  ��������    ��2�03��4	4 	� 5�6��) ��4)4 #(1395  ]115[  

 

 R.�� 6�9�� ����81)! ����>�� �� ��� "#: 

����  �58)9: >�DNA �!�! (��� >� ?� "�+

234 �.�� � '��#()*�'%& �(5!�6�7*  ��)

 �� 3(! � 	�: R.�� (n& �J	��& |��: 6��$=

 �(��8�� �8���b�C  �$(�� {��: �	

 .	(J ��4 ���� 	��� �.�50���>& 

  

H�� � -*
��.  

85
�5 8���  

�	 ��	��� "�� 1394F 	�#�� 170 ���4 

�����! �.�� �� �(5!�(� 6>� 10±170 IJ >� 

3*� �.��'�� �* �� I�! '��S� ()*� 

��e� h4�� �	 6�8��: Z* '��#�� #: .

?[� 6�(.�� �� "�50���>& (p9� � ���� 

"�50!�	 6�JJ ��(1_ h��$� � '>���0* I�C= 

Wb8$�  .#!#:  

  

���.�� ��*2�+5 I�*(�  

 "�50���>& �	 �� ��;$�'��J>��  {��: ��  

�.�� F�.�50���>& �	 �.L!�� '�.70  '8(�

 /���>& s�: >� W14 �* �� O�$5$�� �C(��

n& � R(��8�  �(Ca L7!70  �8): e��* #T�	

#:#!	�� "  � �J	��& �!�J . >� '��= {(Q� ��

 � '��7(� @��$� ��4 F#:�� 6�(.�� '��

8�J.#$  ���6>�D�  �� "#: ���	>C* n& '��V

'��	 2±16 �P�	 �8!��	�J #!	�� �*  ��

O��T 24 �8=�� �.	��. �� 2�_ �	 .#!#:

 {��: F�.	��a F�.	��. 6�3(� F/���>& "��	

 n& ���(7(:�9�3(�#$!��  F��	pH  6v()*� �

 �	 6�(.�� .#: 28$* 2�CQ� '��! "��	13 

 � �9���� �=��11  ���$:�� �=�� �� O#�

 '��#�5! �8K. L� #!#:�� ��  "�50���>& {��:

��J>��  .#!�:�C� �!�	�� �*: >� '��S� '�.

 w��� �GFT  .#: �(�� �.�� #:� '��_� 

��� .�� "��	��. ��a ��' ��S�' � ��6�3( %2 

 >�� �	 6#� 6>��.	��a #:#!  (���! �	 �	) �

L!�� n&'�. ��#�5!' .����.  3(! .24 

 �=��L���� ����� #: )Chapman et al., 

1998 .(|��:'�. ���(7(:�9�3(� 

">�#!�"#: '(J n& �	 "�J��* W��: ��	 � pH 

�� "�58�	 W��4 W7V �8���8� )TES-2900 F

TES F6����� (6v()*� � n& �8D� � �� "�58�	 

2�8(S�	 ">�#!�'(J 6v()*� )5510 F6���� F

6����� � ( ����_ �!�>�� ">�#!�'(J  �!�! .#!#:

'��#()*� �� ZNO )Tecnan (�(!�[�� F "	�K8��

 ��� �	 "#:������ '���	 #(K� r!� ��  ">�#!�

 {��8� �(� O��+20  ��nm30 d�� F

 y�qD�g/2m50-35 ��4�� ���5m F

mLg/6/5 F���5m g/3cm115/0 � �P�	 

 y�C�%99 .	��   
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 ����� ��;$��  O���'��#()*� "�+�!�!  �

�6�3( t�O�(( �58)9: DNA  d�� �	

��P���'� ��'  "�+�!�!ZnO )40  �80 

�C(�IJ �	 � (8( 2�7=�#: . ����� ��;$�� 

� O����(��8� C � �6�3( t�O�((  �58)9:

DNA �	 #1* � /0�& ����  d�� �	

��P���'� ��'  "�+�!�!ZnO )40  �80 

�C(�IJ  �	�8( � �0D��#�4����� � F1392( 

� d�� �	 ��(��8� C !	�3��� ) ��a ��400  �

800 ��C(IJ �>� ��'  .*IJ�C( ��a �

N.R.C, 2011(  2�7=� .#: "��	 I�7�� >� ?�

'��J>�� F162 .�� ���4� ��>& "�J �! �	�0� 

 "�J .)6  (���4  ��9� �� ��)b�R( #:.  ��

��_' "�J �*'�. 	��� O��1= ;! 	�� :>� #!

 ���� "(P 6�#�ZnO � ���� "(P"�7. �� 40 

��C(IJ � �	8( ZnO � ���� "(P�� 80 ��C(-

IJ � �	8( ZnO � �� ���� "(P400 ��C(IJ 

IJ�C(* �	 ��(��8� C �  6�#�ZnO � ���� "(P

 ��400 ��C(IJ IJ�C(* �	 ��(��8� C � 40 

��C(IJ � �	8( ZnO� ���� "(P �� 400 

��C(IJ IJ�C(* �	 ��(��8� C � 80 ��C(IJ 

� �	8( ZnO� �� ���� "(P 800 ��C(IJ  �	

IJ�C(* ��(��8� C �  6�#�ZnO� �� ���� "(P 

800 ��C(IJ  IJ�C(* �	��(��8� C � 40 

��C(IJ � �	8( ZnO � �� ���� "(P800 

��C(IJ IJ�C(* �	 ��(��8� C � 80 ��C(IJ 

� �	8( ZnO .  

 '�� 2�CQ� �(��) "(�+]�8��( �!�! 

 F'�� #()*�10  IJ�	 �!�! �	�� 8(�  #()*�

 '���	 �b� n&F  ����9(!�� I�7V W��	)FS 

600N FLife Scientz (�(m F��  O�T�� ���

 �� O#�6 "	�	 ��4 �=�� #:  �57. 2�CQ� ��

�!�!  '�� #()*� ��& ��	�.#  �(��8��C  	���

 >� "	�K8��2� s�!-  W(���9��2- �C� O�K)�

)ACROS�9��& F(  ���P�	  y�C�%99 	�� .  

@(*�  �(��8��C  ������ "(P �  w���

��� �a�� ��� '>��)Oil Coating(  I�S!�

) #:Treves-Brown, 2000 .( @(�� ��� ��

�*  �(��8�� �#8��C  �	10 �C(�8(�  WV n&#: 

�  '�� 6#0! �#P6& �C� >� �a�� '��#b� F�.

 �(��8�� � n& 2�CQ� �� %�!�*C  ���o� .#:

"#�& ��	 �� @(*� ?[� n& {��� ��� ��

�C� '�� .#: '[�� �. �	 3(! '�� O��+�!�!

 ^C�� 6�()!�[��� ���V �� �.��7(� n& {(Q�

 .#!#�& �	�C� d1T ���! �	 �	 "#: �80a& '�.

#�� � >�  �  ���t� '�� 6�(.����� ��* ��.  

�.>�� �	' R.	 � RS$�  >� ?�'(J��4 

6�(.�� �;Ca ��� �	'�. BC8D�  �!�! 

 �(��8�� � '�� #()*�C /0�& � #1* ���� F

6&�.  '��">�#!�'(J 6�3(�  �58)9:DNA 
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��;$� ��� '�� .#: '>���#P  6�(.�� �#8�� ��

 �8:�	� ]�m�� �� ��	�q� O��T#:#!  �	 �

 �9(8�e� �0� W��	5 '��V �* '8(� 

ppm200 	�� LD(� WJ �	��F  ���(�.#!#: 

 ?[��!�7! /0�& � #1* ���� '�. 6�(.��

 W9�� �	 � #: �8:�	�%96  .#: '��#�5!

 Z�D8��DNA �!�7! �.��8�	 ^1_  W7���

 �(* �	 	�P��Cinnapure DNA 

 (6��� F6�C*�$(�) �J	��& �!�J. >� ��	 ��

�(��!�7!��� >� ?� � ��J I�S!� '�  2\ �*

 '��VDNA  6�� >����89�� "�58�	 '�� �

#:F ?9= '�� 2\ "�58�	 �	 '��	�

 �0(8$��(*�	)D56-20M FUvitec(�)!�� F 

 .#: "	�	 ��4 6�3(� 6	��& ��	 �� '��

�58)9: F F2�� �CV� �	?9= "#: �(�� '�.

I! �	� ��3� U�:�8� CS6 Portable 2015 

 �#8�� #�� � #(K� "�(�Invert #!#:.  �CV� �	

 I�	 >� WT�V (7�� ���q� 2���� >� ?�DNA 

 ��I!��3�� Image J   �D)!java 1.6.0-10 

 W9:)1 C(F  >� WT�V W)9(� R*�� x�J

 �;CaDNA  �� W9:) #�& ��	1 D �	 .(

 �� x�J �> d�� �!>� �(5!�(�10  �7)4

. �V�)� � #: R()b� �7)4 >� L��.  ��

 W9:) #�& ��	1E #T�	 ����! �	 .(

 �1��Q� �!>� �(5!�(� ��� ^1_ � �58)9:

 #: W9:)1 F.(  � '��#()*� "�+�!�! �;Ca ��

 �(��8��C  �58)9: '�� � 6��> �DNA  �	

�������� 	��� '�.  >� "	�K8�� ��ANOVA 

I! �	 ��_�	 ��3��SPSS  �D)!20  #: �((��

?� >� � ���� ��;$� �� 3(! �9!�	 6��>& ��

 �� z�1��� �	 ���� 	��� 6��> � R� '�.(t8�

�$�� d�� �	 /0�& � #1* ����% '��	5 

 �(5!�(� O��T �� �. "	�	 ���7� .#: "	�K8��

± .��� "#: �u��� ��(�� x�Q!�  

  

J���5  

KL��M� %������
���� ��.  

|��:���(7(:�9�3(� '�. ">�#!� '(J

"#: n& �	 "�J��* W��: ��	C ° 2±16 FpH 

4/0±2/76v()*� F 2/0±74/6  n& �8D� �

16±185 �C(��	 IJ   .#�	J �1� 8(�  

 %+��� 2N�-DNA  

�	 ?!����� ��3S��$�� O��K� ��_ �� '��	

 �58)9: #T�	 6�3(� �(�DNA �!�7! '�.

 #()*� "�+�!�! ��� �	 �* /0�& � #1* ����

 "�J �� #$8�J ��4 R.	 � RS$� '�.>�� �	 '��

 W��b8� �� � 6��> �($f7. .	�	 6�0! #.�:

�;Ca- �$�� (��� 6��> #T�	 6�3(� � '��	

 �58)9:DNA .�:�	  
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6�7.W9: �	 �* �!�J '�.1  �2  �3 

�� "#.�0�;Ca /��3�� �� 	�: #()*� "�+�!�! �

 /0�& � #1* ���� �	 �58)9: 6�3(� '��

�$�� /��3�� #.�: �� �1)! �:�	 '��	

)05/0<P  �58)9: 6�3(� ��80(� .(DNA 

 �;Ca �	 /0�& � #1* ���� �	80 �C(� IJ

 ���� �($f7. .#: "#.�0� RS$� >�� �	 8(� �	

 �;Ca �	 #1* �� �1)! /0�&80 �C(� �	 IJ

6�3(� F8(�  �1)! 	�� �� �� �58)9: p*�#V

.	�	  

6��> O#� 6�(.�� '��#�5! �	 ���  "�+�!�!

 #()*�� '�� 6�3(� �58)9: DNA ���� 

/0�& � #1* �$�� ��'��	 �:�	. 6�7. �!�J

�* �	 W9: '�.2  �3 "#.�0� ��F	�: �� 

/��3�� O#� 6��> '(J��4 �	 ���  F"�+�!�!

6�3(� �58)9: DNA /0�& � #1* ���� �	 

�	 �* '��_ �� 	* �#(� '��	�$�� /.�* >�� 

RS$� ��80(� @(�& "#�	 #:.  

  

  

  

  

  

   

  

  

  

  

  

  

  

  

  

 O�1: (���P� %�
�
� 2N�-  %+���DNA �� �-�Q��* �* H�� $�+5��� %5��  
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 O�2: %+��� 2N�- DNA  �-��1 %.�� 234 ;���$�+5� �6���� �- ���4��.  8�9*
� R.- � RS�T

;&,< ��2��4* ��=
5�5 >,�?� ��. ���  $�+5���)±  .(���V� W*('5* ��05 %��,+5* X��Q�� W�(B -
9�

%�V� WY�L* -
9� �2�.-) ;�* ��*-05/0<P.(  

  

  

 O�3: - %+��� 2N�DNA  �-��1 %.�� /0�� ;���$�+5� �6���� �- ���4��.  8�9*
� R.- � RS�T

;&,< �� ���2��4* ��=
5�5 >,�?� ��. $�+5���)±  ��05 %��,+5* X��Q�� W�(B -
9� .(���V� W*('5*

%�V� WY�L* -
9� �2�.-) ;�* ��*-05/0<P.(   
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�	 ?!����� ��3S� ��_�$�� O��K�'��	 ��  �(�

 �58)9: #T�	 6�3(�DNA �!�7! ���� '�.

� #1*  �(��8�� ��� �	 �* /0�&C  ��4

 6��> �($f7. .	�	 6�0! #.�: "�J �� #$8�J

�;Ca W��b8� �� �- �$�� (��� 6��> � '��	

 �58)9: #T�	 6�3(�DNA 6�7. .�:�	-

W9: �	 �* �!�J'�. 4 �  5  "#.�0� .#: 6�3(�

 �58)9:DNA #1* ���� �	 �  �� /0�&

 �(��8�� �;Ca /��3��C  #.�: ��7(� �� �1)!

�$�� /.�*�:�	 '��	 )05/0<P(.  6�3(�

 �58)9:DNA  �� /0�& � #1* ���� �	

 �(��8�� �;Ca /��3��C  .��� �8��� /.�*

 �58)9: 6�3(�DNA  /0�& � #1* ���� �	

 �;Ca �	400 �C(� IJ�	 >�� �	 IJ�C(*'�. 

 6�)9� R.	 � RS$�	���($f7. .  ��87*

 �58)9: 6�3(�DNA  �;Ca �	800 �C(�-

 IJ �	 "#.�0� R.	 >�� �	 IJ�C(*#:.  

  

  

 O�4:  %+��� 2N�-DNA  �-��1 %.�� 234 ;����6� $�+5���� �- ���4��.  8�9*
� R.- � RS�T

;&,< ��$������ >,�?� ��. C  $�+5���)±  �2�.- ��05 %��,+5* X��Q�� W�(B -
9� .(���V� W*('5*

%�V� WY�L* -
9�) ;�* ��*-05/0<P.(  
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 O�5:  %+��� 2N�-DNA  �-��1 %.�� /0�� ;���6� �$�+5���� �- ���4��.  8�9*
� R.- � RS�T

;&,< ��$������ >,�?� ��. C  $�+5���)±  �2�.- ��05 %��,+5* X��Q�� W�(B -
9� .(���V� W*('5*

%�V� WY�L* -
9�) ;�* ��*-05/0<P.(  
  

6�7.W9: �	 �* �!�J 6 �� "#.�0��:	F 

 �58)9: 6�3(�DNA #1* ���� �	 �	 >��'�. 

 ��7(� �� �1)! �.��7(� ���7��	 R.	 � RS$�

�$�� /��3�� #.�: 6�3(� .�:�	 '��	

 �58)9:DNA �	 #1* ����  '�.��7(�40 

�C(� IJ �	8(�  '��#()*� "�+�!�!ZnO  �

400 �C(� IJ �	�(��8�� IJ�C(*C  �80 

�C(� IJ �	 '��#()*� "�+�!�! 8(�ZnO  �

400 �C(� IJ �	 �(��8�� IJ�C(*C � 80 

�C(� IJ �	 '��#()*� "�+�!�! 8(�ZnO  �

800 �C(� IJ �	>�� �	 �(��8�� IJ�C(*  RS$�

 xe8�� � 	�� 6�)9� #.�: ��7(� �� �1)!

 >� .#0! "#.�0� �.��7(� ��� �(� '��	�$��

 �58)9: 6�3(� ��87* ��_DNA  ���� �	

#1* �	  ��7(� �� z��� RS$� >��40 �C(� IJ

 �	 � '��#()*� "�+�!�! 8(�800 �C(� IJ �	

�(��8�� IJ�C(* C .	��  

 W9: �� �P�� ��6  6�3(� R.	 >�� �	

 �58)9:DNA �	 ��7(� �� �1)! #1* ���� 

 �58)9: 6�3(� ��_ >� .�:�	 /��3�� #.�:

DNA ��7(� 3P �� �.��7(� I�7� �	  #.�:

 �58)9: 6�3(� �($f7. � 	�� 6�)9�DNA 

 ���7� �	 RS$� >�� �� �1)! R.	 >�� �	

�$�� O��T �� �.��7(� '��	.���� /.�*  
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 O�6:  %+��� 2N�-DNA  �-234 ;��� ��1 %.��6� �$�+5���� �- ���4��.  8�9*
� R.- � RS�T

;&,< ��;&,< � ��� ��=
5�5 >,�?� ��.$������ >,�?� ��. C  $�+5���)±  W�(B -
9� .(���V� W*('5*

%�V� WY�L* -
9� �2�.- ��05 %��,+5* X��Q��) ;�* ��*-05/0<P.(  
  

 W9: �� �P�� ��7  �58)9: 6�3(�DNA 

�	  �� �1)! �.��7(� I�7� �	 /0�& � #1* ����

>�� �	 #.�: ��7(�'�.  /��3�� R.	 � RS$�

�$�� �58)9: 6�3(� ��_ >� .�:�	 '��	

DNA  I�7� �	 R.	 >�� �� �1)! RS$� >�� �	

�7(� �58)9: 6�3(� ��80(� .	�� 80(� �.�

DNA  ��7(� �� z��� RS$� >�� �	80 

�C(� IJ �	 '��#()*� "�+�!�! 8(�ZnO  �

800 �C(� IJ �	�(��8�� IJ�C(* C 	��  �

 �58)9: 6�3(� ��87*DNA  �	 /0�& ����

 ��7(� �� z��� RS$� >�� �	40 �C(�IJ  �	

8(�  � '��#()*� "�+�!�!400 �C(� IJ �	

�(��8�� IJ�C(* C  6�3(� �($f7. .	��

 �58)9:DNA  '�.��7(� �	 R.	 >�� �	40 

�C(� IJ �	 '��#()*� "�+�!�! 8(�ZnO  �

800 �C(� IJ �	 IJ�C(* �(��8��C  �80 

�C(�IJ  '��#()*� "�+�!�! 8(� �	ZnO  �

400 �C(� �(��8�� IJ�C(* �	 IJC  �80   



 (�)	*� �*+ 	,) -.�C  �/*0
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 O�7:  %+��� 2N�-DNA /0�� ;��� �-  ��1 %.���6� $�+5���� �- ���4��.  8�9*
� R.- � RS�T

;&,< ��;&,< � ��� 2��4* ��=
5�5 >,�?� ��.$������ >,�?� ��. C   $�+5���)±  -
9� .(���V� W*('5*

%�V� WY�L* -
9� �2�.- ��05 %��,+5* X��Q�� W�(B) ;�* ��*-05/0<P.(  
  
  

�C(� '��#()*� "�+�!�! 8(� �	 IJZnO  �

800 �C(� �(��8�� IJ�C(* �	 IJC  xe8��

�$��.#0! "#.�0� '��	  

  

^'�  

>� �S!& �* '\���$9� �!�! �	 2�V #:� ��� 

� ��7: s��!� 	����!�! � '�.	���* 6& �	 2�V 

/��3�� F��� �����$� 2�78V� ��� �* ��� 	��� 

�� 6�3(� W��4 ��P�� �� {(Q� �)�> ��08!� 

�#(� F#$$* L� �(�4�� ��� �* �� /��3�� 

�!�5!�. >� ��P ��e� 6�)!� � {(Q� �)�> 

"�7. ��� .�9� >� R����� � �(8)D! O��� 

�:�! >� O��+�!�! � 6���#!�P F'3�& @(�& "	��� 

�� '��8Q� �9(8!\ ��� .O��+�!�! �� 	��� �� 

"9(� L� ��#!�P ��#$!��� �� 2�9C��*�����. 
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Wp� #(��'�. L(kC*�! (DNA)  @(�& 

"#!���F O�1P�� @�D� 6&�. �� R.�� #$* .

O��+�!�! �!�J�!�J #$!�� O��+�!�! F"b! O��+�!�! 

#()*� F'�� O��+�!�! #()*� I�(!�8(� �  "(a�� 

�C= �(T�� L()*���!\ 	�� ��#$!��� ��  

2�q�� �� �8:� DNA @P�� �58)9: L� 

�8:� �� �	 �8:� 2�9C� DNA �:!# .�($f7. 

2�9�	��'�. 	�>& 6v()*� )ROS (�:�! >� 6&�. 

��#$!��� �� #()*� 6	* O�1(*� '��8��� 

DNA �� "v�� >�� '�.��& @P�� 8)9:� 

DNA �:!# .�� ;! ��#�� @(�& DNA 

�:�! >� 	��� FL(��(��!\ ��#7= �� O��T 

O�((t� �	 6�8� FO�K)� #$4 � �� O�((t� 

����'� #$!�� 6�(�e(9�&F�. '�.#!�(� h_�b8� � 

�� 	�S�� @(*�'�. ���o� DNA #:�� 

)Frenzilli et al., 2009.(  

 d�� ��80(� �* 	�	 6�0! o�V ������

 @(�&DNA  �	 /0�& � #1* ���� �	 �	

�;Ca 80 �C(� IJ�	  '��#()*� "�+�!�! 8(�

ZNO #: "#�	 RS$� >�� �	 �  �58)9: 6�3(�

DNA 	�� 80(� /0�& ���� �	. Wise  �

) 6���97.2010 �(7� � ���C� �(7� O��� (

2�C� '�� � �� "b! "�+�!�! �9(8!\ ��% '�.

 �*�#� �.��)Oryzias latipes	��� (  ����

 `��8! .#!	�	 ��46& 	�	 6�0! �. �.��7(� �	 �*

�8�J ��4 ��� �	 �;Ca'�. 05/0 F3/0 F3 

 �5  IJ�9(��	 �8!��"b!�!�! h��8� F

 	�#��) '#(��C��k!& � ���>���* O%e8��

	�	 �� (I�>���* ��(1_(a )Wise et al., 

2010( ��� >� WT�V ̀ ��8! .������  �(7� O���

2�C� '�� �� "b! "�+�!�! �9(8!\ � ���C�'�. 

 .#!��� O�1�� �� ���C� �0* {(Q� �	 �.��

 O������Guilherm ) 6���97. �2010 � (

 '����� �.��Anguila anguila  >� ?�

��& �� ��P��� 	�	 6�0! O�)� �CJ U�#!�� /*

�(� ���!\ @(�& d�� O��K� �* �Q� �8���

 � R� �;Ca � s�! F�!�J s�! Wp� �C���= (���

 O#� R� �� ��P��� 6��> ��4 s��!� � 	��	

���� �	 2�C� BC8D� @)V � BC8D� '�.

���(��)V "#$�%& 	� �� �1)! �!��K8� '�.

 @(�&DNA ���� �����$� .#!��	 BC8D� '�.

�(�  �.�� h7S� � '��#�5! �	 ����K8� '�.

) #!��	 I�7�Ahmed et al., 2013 #1* ���� .(

 R� � R)(����8� �� �	 6	�� W(�	 �C= ��

 O������ '�� �1��$� |��: F6#� >� ���	>

�9(8!\ ���$: @(�& ) ���Devaux et al., 

19972�C� .(/0�& '�. 3(!  �(��)V >�

 nD� W���= � O�1(*� W��b� �	 ��%��

��	��� $8).���� �(��� >� �9� I�#!� ��� .#-

 ��� �	 R(b8)� O��T �� �* ��� ���.
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) 	��	 ��4 ��(Q� @(�&Fassbendre and 

Braunbeck, 2013.(  
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Abstract  

This study was to evaluate the effect of emerging pollutant nanoparticles of zinc 
oxide (ZnO) and safety effects of vitamin C on the DNA breakage in the liver and 
gill cells of rainbow trout (Oncorhynchus mykiss). Fish were exposed to 
nanoparticles on three levels (0, 40 and 80 mg/L) and three levels of vitamin C 
(0, 400 and 800 mg/Kg) in 9 treatments with 3 replications. Fish with average 
weight 170 ± 10 gr were treated in 10 days. Liver and gill tissues were sampled 
in the fifth and tenth days at summer 2015. After the isolation, target samples 
were stored in microtubes contain alcohol 96%. DNA extraction was run with gel 
electrophoresis. At the end of the test, it was photographed with Gel-doc. 
Breakage of DNA was determined using the weighted average. According to the 
results, in liver and gill, the effect of zinc oxide nanoparticle, vitamin C and 
interaction with time-concentration were quite significant on the level of DNA 
damage. Most damages on liver and gill tissues in 80 mg/L of zinc oxide 
nanoparticles were on the 5th day. Also in both tissues, DNA breakage rate was 
on the 10th day.  However, vitamin C has reduced DNA breakage. 
Key words: Aquatic, Pollution, Improve Resistance, Nano-toxicology. 
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